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IN THE CLAIMS; 



1 . (Currently Amended) A method of fomiing an emitter in a vertical bipolar 
transistor comprising: 
providing a substrate; 

forming a single thiolmoos uniformlv thick oxide laver over said substrate; 
forming a sipgl e mogk over goid aingle thiolcnooo o^cido; 

performing multiple implants through said a single mask to form a base layer over 
a collector layer within said substrate; 

forming a patterned mask over said base layer; and 

filling openings in said mask with emitter material in a damascene process, said 
emitter material contacting the substrate. 

2, (Original) The method in claim 1, wherein said substrate includes an insulator 
layer between a bottom silicon layer and a top silicon layer, said method further 
comprising: 

implanting a first impurity to form said collector layer in a lower portion of said 
top silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said 
top silicon layer, 

3, (Original) The method in claim 2, wherein said emitter material includes said first 
impurity and said method further comprises annealing said vertical bipolar transistor to 
drive said first impurity into said base to create an emitter diffusion i^gion in said base 
below each emitter. 

4, (Original) The method in claim 2, further comprising: 
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patterning a second mask over said bipolar region, said mask including openings 
through to said base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer 
through said openings. 

5. (Previously Presented) The method in claim 2, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amounts of said first impurity into and through said 
insulator layer to provide a collector contact diffusion region, 

6. (Cancelled), 

7. (Previously Presented) The method in claim 1 1 , wherein said substrate includes 
an insulator layer between a bottom silicon layer and a top silicon layer, said method 
further comprising: 

implanting a first impurity to form said collector layer in a lower portion of said 
top silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said 
top silicon layer. 

8. (Original) The method in claim 7, wherein said emitter material includes said first 
impurity and said method further comprises annealing said vertical bipolar transistor to 
drive said fost impurity into said base to create an emitter diffusion region in said base 
below each emitter, 

9. (Original) The method in claim 7, further comprising: 

patterning a second mask over said bipolar region, said mask mcluding second 
openings through to said base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer 
through said openings. 
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1 0. (Previously Presented) The method in claim 7, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amounts of said first impurity Into and through said 
insulator layer to provide a collector contact diflfusiori region, 

1 1 . (Currently Amended) A method of simultaneously forming complementary metal 
oxide semiconductor (CMOS) devices and vertical bipolar transistors on an integrated 
circuit chip comprising: 

providing a substrate; 

forming a ginglo thio I cnGss uniformlv thick oxide layer over said substrate; 
forming a oingle mack over said Qinglo thiolcnegs oddo; 

performing multiple implants through seM a single mask to form a base layer over 
a collector layer within said substrate; 

forming a gate oxide layer over only said CMOS region of said SOI substrate; 

forming a polysilicon layer over a CMOS region of said SOI substrate; 

patterning a mask over said polysilicon layer and a bipolar region of said SOI 
substrate, said mask including openings over said bipolar region 

depositing an emitter material in said openings in a damascene process to form 
emitters; 

removing said mask; 

patterning said polysilicon layer to form gate conductors; and 

forming sidewall spacers adjacent said emitters and said gate conductors. 

1 2. (Currently Amended) A method of simultaneously foiming complementary metal 
oxide semiconductor (CMOS) devices and vertical bipolar transistors on an integrated 
circuit chip comprising: 

providing a substrate; 

foiming a singlo thicltnos g uniformlv thick oxide laver over said substrate; 
fonning a Ginglo maak ever gaid smgl e thiclcncss ojddo; 

performing multiple implants through seiA a single mask to form a base layer over 
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a collector layer within said substrate; 

patterning a mask over a CMOS region and a bipolar region of said SOI substmte, 
said mask including first openings over said bipolar region; 

depositing an- emitter material in said first openings in a first damascene process 
to form emitters, said emitters contacting said SOI substrate; 

patterning said mask to foxm second openings over said CMOS region; 

depositing a gate conductor material in said second opening in a second 
damascene process to form gate conductors; 

removing said mask; and 

forming sidewall spacers adjacent said emitters and said gate conductors. 

13. (Previously Presented) The method in claim 14, wherein said substrate includes 
an insulator layer between a bottom silicon layer and a top silicon layer, said method 
further comprising: 

implanting a first impurity to form said collector layer in a lower portion of said 
top silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said 
top silicon layer. 

14. (Currently Amended) A method of simultaneously forming complementary metal 
oxide semiconductor (CMOS) devices and vertical bipolar transistors on an integrated 
circuit chip comprising: 

providing a substrate; 

forming a singl e thicloics s unifonnlv thick oxide layer over said substrate; 
forming a single mask ov e r said singlo thiolmoao oxide ^ 

performing multiple implants through said a single mask to form a base layer over 
a collector layer within said substrate; 

patterning a ma^k over a CMOS region and a bipolar region of said SOI substrate, 
said mask including first openings over said bipolar region; 

depositing an emitter material in said first openings in a first damascene prxjcess 
to fonn emitters, said emitters contacting said SOI substrate; 
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patterning said mask to fonn second openings over said CMOS region; 
depositing a gate conductor material in said second opening in a second 
damascene process to form gate conductors; 
removing said mask; and 

forming sidewall spacers adjacent said emitters and said gate conductors, wherein 
said emitter material includes said first impurity and said method further comprises 
annealing said vertical bipolar transistor to drive said first impurity into said base to 
create an emitter diffusion region in said base below each emitter, 

15. (Original) The method in claim 13, further comprising: 

patterning a second mask over said bipolar region, said mask including third 
openings through to said base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer 
through said third openings, 

16. (Previously Presented) The method in claim 13, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amoimts of said first impurity into and through said 
insulator layer to provide a collector contact diffusion region. 

1 7. (Previously Presented) The method in claim 14, further comprising, before said 
fomiing of said polysilicon, forming a gate oxide layer over only said CMOS region of 
said SOI substrate. 

18-22, (Cancelled) 

23. (Currently Amended) A method of forming a bipolar device on a SOI substrate 
having a semiconductor layer overlying a buried insulator layer to form an interface 
where a surface of the semiconductor layer is adjacent to a surface of the buried insulator 
layer, comprising the steps of: 

forming a single thiclaics s uniformly thick oxide laver over said substrate; 
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fonning a oinglc monk ov e r paid single thiclaigfls o^ddo; 

fonning in said semiconductor layer a buried collector region through said a 
single mask, wherein said buried collector region is centered at approximately said 
interface; and 

forming in said semiconductor layer a base region through said single mask, 
wherein said base region is vertically stacked on said buried collector region, 

wherein said buried collector region and said base region are formed by 
implantation through said single mask formed on the SOI substrate. 

24. (Previously Presented) The method of claim 23, wherein said buried collector 
region and said base region are formed by implantation through a single mask formed on 
the SOI substrate. 

25, (Previously Presented) The method of claim 23, further comprising: 
forming a mask having openings on the SOI substrate; 

depositing an emitter material contacting the SOI substrate having a fu^t impurity 
in said openings in a damacene process to form emitters; and 

annealing the SOI substrate to drive said first impurity into said base region to 
create an emitter diffusion region m said base region below each emitter. 
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